Introduction {#sec1-1}
============

Noise is defined as "any sound that may produce an undesired physiological or psychological effect in an individual or group."\[[@ref1]\] When such sound is produced in an environment that must be conducive to healing, it hinders recovery. Literature suggests that noise leads to physiological responses experienced by patients including higher heart rates, respiratory rates and also sleep deprivation.\[[@ref2][@ref3]\] In addition, noise is noted to cause higher levels of stress in the staff, which may impair their ability to concentrate on their tasks and care for the critically ill.\[[@ref4]\] The process of caregiving in the Pediatric Intensive Care Unit (PICU) if not orchestrated well leads to a greater potential of error and unfavorable results.

Despite an increased emphasis on the need for noise reduction in intensive care settings, a number of studies published in the past few years have found that sound levels in the ICU continue to be louder than the World Health Organization noise recommendations.\[[@ref5][@ref6]\] Patient families and staff surveys previously conducted in the ICUs in the US and Europe have reported noise to be disruptive and uncomfortable with better patient satisfaction in noise-reduced environments.\[[@ref7][@ref8]\]

Two categories of people are in the PICU typically staff and patients' families. Any quality improvement project that does not take into consideration the perception of both these groups does not have a potential for success. We believe that the reason previous researchers have not been able to reduce noise in the PICU is a lack of stakeholders' input. The present study was designed to identify causes of noise in the PICU, identify interventions that would help decrease the noise and thereby the stress in the PICU, and compare the perceptions of staff and patients' families on noise and modifications that could reduce it.

Methods {#sec1-2}
=======

A survey of staff was done as part of quality improvement efforts in the PICU, with ethical approval for the survey of patients' families obtained from the Mayo Clinic Institutional Review Board.

The PICU at Mayo Clinic in Rochester, Minnesota, is a 16-bed mixed medical-surgical unit. A descriptive-comparison design was used to examine the multiple sources of noise and the interventions that could reduce noise in patients' rooms, as well as the ICU as a whole. Noise levels in the PICU were measured using a Dosimeter at a day before starting the surveys at 08:00 am-11:00 am, 01:30 pm-03:00 pm, and 09:00 pm-06:00 am in the PICU general work area with patient room open and closed.

We created a 28-question survey (see [Appendix A](#App1){ref-type="app"}), keeping in mind the most common sources of noise in the PICU and the modifications used or that can be used to reduce noise pollution, based on clinical experience. For surveys, internet-based software Research Electronic Data Capture (RedCap was developed by an informatics core at Vanderbilt University with ongoing support from NCRR and NIH grants) was utilized. Study data were collected and managed using RedCap electronic data capture tools hosted at Mayo Clinic.\[[@ref9]\] RedCap is a secure, web-based application designed to support data capture for research studies, providing:

An intuitive interface for validated data entry,Audit trails for tracking data manipulation and export procedures,Automated export procedures for seamless data downloads to common statistical packages, andProcedures for importing data from external sources.

The staff took an internet-based survey through RedCap software; the families were interviewed in person. This study was conducted from 1^st^ August to 31^st^ October, 2014.

All staff members, including nurses, physicians, and para-clinical staff were asked to participate in the PICU provider survey (*n* = 65). For the PICU family survey, families of patients who stayed in the PICU more than 24 h (*n* = 50) were considered eligible and were approached for an in-person survey. Patients who stayed \<24 h in the PICU were excluded from the study. The patients' families gave oral consent for study participation. Survey questions asked respondents to rank the noise levels from 1 to 8 on a Likert scale, with eight being the highest among the sources, which included alarms, medical equipment, environmental noises, pagers, staff conversations, telephones, family conversations, television, and radio. Participants also ranked the frequency of noise levels from these sources.

Next, the questions focused on the interventions and their effectiveness, ranging from very effective to not at all, in reducing excessive noise levels. These interventions included staff education, posting signs on the doors alerting people about noise, turning pagers and phones to vibration mode, turning down alarm to the lowest appropriate volume, assuring alarms were set to appropriate limits, turning down room telephone ringers, lowering voices during staff conversations, closing patients' doors when appropriate, and providing a designated quiet time in the PICU with dimmed lighting. Questions regarding patient sleep, as well as family sleep, were asked, and the effect of noise level on recovery from illness was examined. The in-person survey questions were collected on paper and then uploaded into RedCap software. Data received from staff and patients' families were subjected to statistical analysis through JMP software (SAS Institute Inc., SAS Campus Drive, Cary, North Carolina 27513, USA). Descriptive analysis was performed of the various contributors of noise and their frequency. Effective modifications or interventions were compared among responses of staff and families. The Chi-square test was used for categorical variables; the *t*-test was used for continuous variables.

Results {#sec1-3}
=======

Pediatric Intensive Care Unit dB levels {#sec2-1}
---------------------------------------

When measured by a Dosimeter, noise levels in our PICU averaged between 49 and 59 dB \[[Table 1](#T1){ref-type="table"}\]. During all hours of the day, the general work area had the most noise; the patient\'s room with its door closed had the least. The loudest time of day was 01:30 pm-03:00 pm.

###### 

Noise dosimeter recordings for 1 day in various locations of the Pediatric Intensive Care Unit

  Location, dB                        Time period                
  ----------------------------------- ------------- ------------ -------------------
  General work area, median (range)   56 (51-59)    52 (51-58)   54 (49-57)
  Patient room door closed, mean      53            45           No recording done
  Patient room door open, mean        49            55           52

Causes of noise {#sec2-2}
---------------

The survey was completed by 50 families, out of 251 admissions, and 65 staff members out of 176 total staff members. Among all respondents, medical alarms were rated the greatest contributor to excessive noise (mean ± standard deviation \[SD\], 4.9 ± 2.1 \[2.8-7.0\]), with medical equipment noise being the second highest (mean ± SD, 4.7 ± 2.1 \[2.6-6.80\]) \[[Table 2](#T2){ref-type="table"}\]. While these trends were consistent between staff and families, they were at variance with regard to the contribution of staff conversation; providers ranked it higher than patients' families (mean ± SD, 5.2 ± 1.9 \[3.3-7.1\] vs. 2.0 ± 1.6 \[0.4-3.6\], *P* \< 0.001). Other differences were seen in noise created by pagers and environmental sounds. Telephone ringers were ranked higher by staff than the patients' families. Television and radio sounds and family conversations were rated the lowest causes.

###### 

Comparison of various sources of noise in the Pediatric Intensive Care Unit

  Sources                Values^a^, mean ± SD   *P*                                     
  ---------------------- ---------------------- ------------------- ------------------- ---------
  Alarms                 4.9±2.1 (2.8-7.0)      5.8±1.6 (4.2-7.4)   3.8±2.1 (1.7-5.9)   \<0.001
  Medical equipment      4.7±2.1 (2.6-6.8)      5.5±1.8 (3.7-7.3)   3.7±2.0 (1.7-5.7)   \<0.001
  Environmental noise    3.7±2.0 (1.7-5.7)      4.5±1.8 (2.7-6.3)   2.7±1.8 (0.9-4.5)   \<0.001
  Pagers                 2.5±1.5 (1.0-4.0)      3.8±1.4 (2.4-5.2)   1.7±1.2 (0.5-2.9)   \<0.001
  Staff conversations    3.8±2.4 (1.4-6.2)      5.2±1.9 (3.3-7.1)   2.0±1.6 (0.4-3.6)   \<0.001
  Telephones             2.7±1.6 (1.1-4.3)      3.5±1.5 (2.0-5.0)   1.6±1.1 (0.5-2.7)   \<0.001
  Family conversations   2.4±1.6 (0.8-4.0)      2.9±1.6 (1.3-4.5)   1.7±1.4 (0.3-3.1)   \<0.001
  Television/radio       2.0±1.5 (0.5-3.5)      2.6±1.7 (0.9-4.3)   1.4±0.9 (0.5-2.3)   \<0.001

^a^Noise values range from 1 to 8 on the Likert scale, with 1 being the lowest and 8 being the highest amount, SD = Standard deviation

Interventions to reduce noise {#sec2-3}
-----------------------------

Among the various suggested interventions to reduce noise, keeping the patient\'s room door closed was considered effective by 93% of respondents (*P* = 0.003), followed by designated quiet times by 82% \[[Table 3](#T3){ref-type="table"}\]. Staff and families agreed about the effectiveness of silencing inappropriate alarms (*P* = 0.93) and decreasing the volume of the phone ringer (*P* = 0.54). Among staff, 71% reported feeling that more staff education is required; only 50% of the families considered it effective (*P* = 0.02), and posting signs on doors was considered effective by 66% of families and 43% of staff (*P* = 0.01).

###### 

Effective interventions to reduce noise in the Pediatric Intensive Care Unit

  Interventions mentioned by respondents      Survey respondents, *n* (%)   *P*^a^              
  ------------------------------------------- ----------------------------- --------- --------- --------
  Educating staff                             71 (61)                       46 (71)   25 (50)   0.02
  Posting signs that encourage quiet          61 (53)                       28 (43)   33 (66)   0.01
  Setting pagers to vibrate                   69 (60)                       32 (49)   37 (74)   \<0.01
  Decreasing number of inappropriate alarms   92 (80)                       52 (80)   40 (80)   0.93
  Decreasing volume of phone ringer           65 (56)                       38 (59)   27 (54)   0.54
  Lowering voices of staff conversations      89 (88)                       58 (90)   31 (62)   \<.01
  Closing patient doors                       108 (93)                      64 (98)   44 (88)   0.02
  Creating quiet time in PICU                 94 (82)                       52 (80)   42 (84)   0.64
  Providing visual feedback                   37 (57)                       37 (57)   NA        NA

^a^*P* value of responses of staff versus patients' families, NA = Not available, PICU = Pediatric Intensive Care Unit

Discussion {#sec1-4}
==========

Two groups of people typically occupy the PICU at any given time-staff and patients' families. As such, any quality improvement project that does not take into consideration the perception of both groups has the potential for nonattainment and bias.

Factors in the Pediatric Intensive Care Unit responsible for noise {#sec2-4}
------------------------------------------------------------------

### Alarms {#sec3-1}

In this comparative survey, we evaluated the perceptions of noise by patients' families and PICU staff. We found similarities in the factors implicated by both groups. Medical alarms and medical equipment were identified as the loudest disruptive noises leading to discomfort. Ugras and Oztekin,\[[@ref10]\] who studied a Neurosurgical Unit in Turkey, have reported a relation between medical alarms and patient discomfort previously. They measured patient perception of environmental and nursing factors leading to sleep disturbances and concluded that alarm sounds were the major environmental noise contributor. Bridi *et al*.\[[@ref11]\] reported that "the alarms of equipment intended to protect patients may, in fact, lead to increased noise within the unit and consequently lead to alarm fatigue, distraction, and interruption of the workflow." Thus, the process of caregiving in the PICU is optimized only under conditions in which distractions and stress are minimized; in the presence of excessive noise, the care process is disrupted and error prone.

### Communication {#sec3-2}

In our study, we found inter-staff communication a considerable cause of the noise pollution in the PICU among staff responders, a finding consistent with previous surveys of patients in a critical care setting in the United Kingdom.\[[@ref12]\] Those investigators found staff communication and telephone conversations as the main reasons for noise and as significantly affecting the sleep of patients in the ICU. Interestingly, in our survey, patients were relatively unconcerned about staff conversation as a noise etiology than the staff.

Akansel and Kaymakçi\[[@ref13]\] studied the effects of ICU noise on patients and found that patients closest to the nursing station were most affected by noise because of noise-creating activities performed by staff and conversations held among staff. Background noise has been established as a negative impact in the working environment and the performance of staff, including exposure to high numbers of alarms, which also leads to alarm fatigue.\[[@ref14][@ref15]\]

Suggested interventions to reduce noise {#sec2-5}
---------------------------------------

Interventions to reduce noise in the ICU include actions that can be taken by staff and actions related to hospital design.\[[@ref16][@ref17]\] The staff should be educated to be considerate since even minor conversations in the corridors can add to the background noise level. Behavior modification has been shown as possible\[[@ref18]\] for staff and is effective in reducing noise levels in the ICU. Thus, such modification should be advocated strongly.

### Alarms {#sec3-3}

Deterioration in a patient\'s physiological parameters that trigger alarms in monitoring equipment should alert the nurses and the physicians; however, in a closely monitored setting like the ICU, these alarms can be detrimental to the sleep of patients and their families. Earlier intervention by nursing staff to silence alarms has been suggested by Way *et al*.,\[[@ref19]\] which may be possible with staff education. Turning off alarms may be unsafe and inappropriate; yet, alternative strategies to alert staff regarding changes in a patient\'s vital signs should be explored. Changing the position of the medical alarms from the rooms to the nursing station may be a viable option. Richardson *et al*.\[[@ref12]\] suggested the use of soft ear plugs and eye masks to minimize sleep disturbances caused by medical alarms and equipment.

### Medical equipment {#sec3-4}

Medical equipment such as intravenous pumps --- Another major source of noise in the patient\'s room --- Need to be modified or renewed to reduce background sounds. Johansson *et al*.\[[@ref20]\] have stated that "it is unacceptable for machines to be positioned just behind the patient\'s head and produce high noise levels and loud alarm signals."

### Closing doors {#sec3-5}

Previous studies also have discussed strategies such as moving television speakers closer to the listener to minimize disturbance to others, closing patients' doors, and performing shift-change reports behind closed doors.\[[@ref16][@ref17]\] The intervention most frequently suggested by the patients' families and the staff in our survey was to close the patients' doors to minimize the disturbance due to noise from outside and adjoining rooms, including television and radio sounds. Although studies have shown that such interventions as a designated quiet time and door closing do not help ICU staff achieve the sound-level objective of the World Health Organization or the US Environmental Protection Agency,\[[@ref6]\] these are still some of the most commonly applied and suggested interventions to dampen sounds in the ICU.

Sound proofing of the doors and walls is another consideration. Krueger *et al*.\[[@ref21]\] found that the average noise level decreased significantly after reconstruction, but it was still above the recommended limits. Single rooms are the best option for all critically ill patients but are seldom practical, which makes noise reduction in the rooms a necessary intervention. This can be achieved through making the ceilings and walls sound absorbent, along with action plans for modifying staff behaviors.\[[@ref22]\]

Limitations of our study would include measuring the noise levels on 1 specific day. Noise in the PICU can vary by days and patient load of the unit. Also, since our study is survey-based, there can be an element of response bias among our study population.

Conclusion {#sec1-5}
==========

In summary, noise in health care settings leading to increased tension among the staff and the patients has been a topic of concern for the past three decades. The strategies to cut down the noise pollution in critical care settings have not been successful until date. Although physical design of ICUs can contribute considerably to noise reduction, subtle human factors and practices may have a larger role when design changes become prohibitive. Technological advancements such centralized alarms or for mobile, wearable alarm monitoring system by nurses should be promoted. In addition, behavior modification for staff is effective in reducing noise levels in the ICU and should be advocated strongly.
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**Noise Reduction and Sleep Enhancement in the Pediatric Intensive Care Unit (PICU)**

This survey is done for research purposes to gather data on the perception of families and patients in the PICU concerning various aspects of noise levels in the PICU. Data gathered from this survey will be used to create appropriate interventions to reduce noise levels in the PICU and improve the overall quality of care for our patients. Your participation in this survey is voluntary and please understand that your current and future employment, educational and/or medical care at Mayo Clinic will not be affected by whether or not you participate. Specifically, your care will not be jeopardized if you choose not to participate.

For how long have you or your loved one in the PICU

□ 24-48 h

□ 2 days-1 week

□ 1 week-1 month

□ \>1 month

**The following section gathers data on your perception of the contribution of various sources to noise in the PICU**

Please rate the following items based on their contribution to noise on the unit with '8' being the largest contributor and '1' being the smallest contributor.

Each number may be used only once (Please circle the number which you feel most appropriately reflects the noise contribution).

Alarms

8 7 6 5 4 3 2 1

Medical Equipment (Ventilators, IV pumps, Hugs Tags Alarms, etc.)

8 7 6 5 4 3 2 1

Environmental Noise/Equipment (Carts, Floor Cleaner, Sinks, Doors, Tube station, Computers, etc.)

8 7 6 5 4 3 2 1

Pagers of medical/nursing staff

8 7 6 5 4 3 2 1

Staff conversations

8 7 6 5 4 3 2 1

Telephones

8 7 6 5 4 3 2 1

Family conversations

8 7 6 5 4 3 2 1

TV/Radio

8 7 6 5 4 3 2 1

**How frequent do you feel the following contribute to noise levels in the PICU?**

**Alarms**

Very Frequent Frequent Infrequent Not at all Unsure

**Medical Equipment (Ventilators, IV pumps, Hugs Tags Alarms, etc.)**

Very Frequent Frequent Infrequent Not at all Unsure

**Envirionmental Noise/Equipment (Carts, Floor Cleaner, Sinks, Doors, Tube station, Computers, etc.)**

Very Frequent Frequent Infrequent Not at all Unsure

**Pagers**

Very Frequent Frequent Infrequent Not at all Unsure

**Staff conversations**

Very Frequent Frequent Infrequent Not at all Unsure

**Telephones**

Very Frequent Frequent Infrequent Not at all Unsure

**Other family conversations**

Very Frequent Frequent Infrequent Not at all Unsure

**TV/Radio**

Very Frequent Frequent Infrequent Not at all Unsure

**The following section focuses on interventions to reduce noise in the PICU**

How effective do you feel the following interventions would be at reducing noise in the PICU?

**Education of the staff in the PICU**

Very effective Effective Ineffective Not at all Unsure

**Posting signs on the doors in to the unit alerting staff regarding noise**

Very effective Effective Ineffective Not at all Unsure

**Turning pagers/portable phones to vibrate**

Very effective Effective Ineffective Not at all Unsure

**Turning down/off inappropriate alarms**

Very effective Effective Ineffective Not at all Unsure

**Turning down telephone ringers**

Very effective Effective Ineffective Not at all Not sure

**Lowering voices of staff conversations**

Very effective Effective Ineffective Not at all Unsure

**Closing patient doors when appropriate**

Very effective Effective Ineffective Not at all Unsure

**Designated quiet time with dimmed lights**

Very effective Effective Ineffective Not at all Unsure

**The following section gathers data on your perception of how much PICU noise has affected your or your loved ones sleep quality and recovery**

**How frequent do you feel the noise levels in the PICU has affected your (or your loved ones) sleep quality**

Very Frequent Frequent Infrequent Not at all Unsure

How significant do you feel noise level in the PICU has affected your (or your loved ones) recovery from the illness

Very significant Significant Minor effect Not at all Unsure

**The following section focuses on your comments to improve noise reduction and sleep enhancement**

Do you have suggestions for noise reduction interventions in the PICU?

Do you have suggestions for sleep enhancement strategies in the PICU?
